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1 1: J Protein Chem. 1999 Aug;18(6):619-25. 

Oxidative folding of reduced and denatured huwentoxin-L 
Liang S, Shu Q, Wang X, Zong X. 

College of Life Sciences, Hunan Normal University, Changsha, China. 



Huwentoxin-I, a neurotoxic peptide with 33 amino acid residues and three disulfide bond 
was used to investigate the pathway of reduction/denaturation and of oxidative folding in 
small proteins with muhiple disulfide bonds. Titration of thiol groups, reversed-phase 
HPLC, ID NMR spectroscopy, and biological activity assays were used to monitor the 
extent of reduction/ denaturation and renaturation of the toxin. The reduction and 
denaturation of huwentoxin-I resulted in a 100% loss of bioactivity as measured in a mo 
phrenic nerve-diaphragm preparation. About 90% of full biological activity could be 
restored under optimized conditions of oxidative refolding of the reduced peptide. Sever 
reaction conditions employing air oxidation, oxidized and reduced glutathione (GSSG an 
GSH), and cystine/cysteine were investigated in order to find optunal conditions for 
renaturation of huwentoxin-L The best renaturation yield was achieved in 0.1 mM GSSG 
and 1 mM GSH at pH 8.5 and 4 degrees C over 24 hr. High concentrations of glutathion 
and high temperatures reduced renaturation yields. Oxidative refolding of huwentoxin-I 
air requires about 6 days for maximal yields and is inhibited by EDTA. 

PMD: 10609637 [PubMed - indexed for MEDLINE] 



Abstract 




m Show: 




Write to the Help Desk 
NCBl I NLM I NIH 
Department of Health & Human Services 
Freedom of Information Act | Disclaimer 



Jan 29 2004 15: 



h 



cb hg e e e fcg c e e e b be 



NCBI Sequence Viewer 



Page 1 o 



NCBl 



Entrez 



PubMed 



Search fProtein 



ipisplay 



default 




fJmfmW 



Nucleotide 



Protein 



^ d 9 9 # @ ® ® @ ^ ® ^^^^^'41 A ^ 

Genome Structure PMC Taxonomy 



IB for 
Limits 



Preview/Index 




History 



Clipboard 



Books 



Details 



Show: 1 20 H mi&m 



[File 




i Featur^siv; 
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VERSION 

DBSOURCE 



KEYWORDS 

SOURCE 

ORGANISM 



REFERENCE 
AUTHORS 
TITLE 

JOURNAL 
REMARK 



COMMENT 



FEATURES 

source 



Protein 



Bond 



Bond 



Bond 



Site 



ORIGIN 



// 



P83591 33 aa linear INV 15-SEP-2003 

Hainantoxin-I (HnTx-I) . 

P83591 

P83591 GI:32363268 

swissprot: locus TXN1_SELHA, accession P83591; 
class: standard, 
created: Sep 15, 2003. 
sequence updated: Sep 15, 2003. 
annotation updated: Sep 15, 2003. 

Toxin; Neurotoxin; Ionic channel inhibitor; Sodium channel 

inhibitor; Amidation. 
Ornithoctonus hainana 
Ornithoctonus hainana 

Eukaryota; Metazoa; Arthropoda; Chelicerata; Arachnida; Araneae; 

Mygalomorphae; Theraphosidae; Ornithoctonus. 

1 {residues 1 to 33) 

Li,D.-L., Xiao,Y.-C. and Liang, S. -P. 

Direct Submission 

Submitted ('-MAY-2003) to Swiss-Prot 

SEQUENCE, FUNCTION, SUBUNIT, SUBCELLULAR LOCATION, TISSUE 
SPECIFICITY, MASS SPECTROMETRY, DISULFIDE BONDS, AMIDATION, AND 
STRUCTURE BY NMR. 
TISSUE=Venom 

[FUNCTION] Is a depressant toxin. Binds and blocks insect sodium 
channels without altering the activation or inactivation kinetics. 
[SUBUNIT] Monomer. 

[SUBCELLULAR LOCATION] Secreted. 

[TISSUE SPECIFICITY] Expressed by the venom gland. 
[MASS SPECTROMETRY] MW=3608.01; METHOD=MALDI . 
[SIMILARITY] Belongs to the huwentoxin-I family. 

Location/Qualifiers 

1..33 

/organism="Ornithoctonus hainana" 
/db_xref="taxon: 209901" 
1..33 

/product =" Hainantoxin-I" 
bond(2, 17) 

/bond_type="disulf ide" 
bond{9, 22) 

/bond_type="disulf ide " 
bond(16,29) 

/bond_type="disulf ide" 
33 

/ site_type="amidation" 
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D 1: Biochemistry. 1992 Feb 18;3 1(6): 1749-56. Related Articles, L 

Disulfide exchange folding of insulin-like growth factor I. 

Hober S, Forsberg G, Palm G, Hartmanis M, Nilsson B. 

Department of Biochemistry and Biotechnology, Royal Institute of Technology, 
Stockholm, Sweden. 

The disulfide exchange folding properties of insulin-like growth factor I (IGF-I) have be 
analyzed in a redox buffer containing reduced (10 mM) and oxidized (1 mM) glutathione 
Under these conditions, the 3 disulfide bridges of the 70 amino acid peptide were not 
quantitatively formed. Instead, five major forms of IGF-I were detected, and these 
components were concluded to be in equilibrium as their relative amounts were similar 
starting from either reduced, native, or a mismatched variant of IGF-I containing two no 
native disulfides. The different components in the mixtures were trapped by thiol alkylat 
using vinylpyridine and subsequently isolated by reverse-phase HPLC. The purified 
variants were fiirther characterized using plasma desorption mass spectrometry and pept 
mapping. Two of the five different forms were identified as native and mismatched IGF- 
One form was a variant with only one disulfide bond, and the other two major componen 
had two disulfides formed. In a separate experiment, early refolding intermediates were 
trapped by pyridylethylation after only 90 s of refolding in the glutathione buffer, startin 
fi"om reduced IGF-I. The intermediates were identical to the components observed at 
equilibrium, but at different relative concentrations. On the basis of the disulfide bond 
patterns of the different components in the equilibrium mixtures, we conclude that the 
disulfide between cysteines-47 and -52 in IGF-I is an unfavorable high-energy bond that 
may exist in the native molecule in a strained configuration. 

PMID: 1 737028 [PubMed - indexed for MEDLINE] 
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□ 1: Protein Sci. 1999 Aug;8(8): 1605-1 3. 



Related Articles, L 



The disulfide-coupled folding pathway of apamin as derived from 
diselenide-quenched analogs and intermediates. 

Pegoraro S, Fieri S, Cramer J, Rudolph-Bohner S, Moroder L. 

Max-Planck-Institut fur Biochemie, Martinsried, Germany. 



The sequence ofi(^amin, an 18 residue bee venom toxin, encloses all the information 
required for the cbrre'ct'^isulfrde^^coupled folding into the cystine-stabilized alpha-helica 
motif. Three apamin analogs, each containing a pair of selenocysteine residues replacing 
the related cysteines, were synthesized to mimic the three possible apamin isomers with 
two crossed, parallel, or consecutive disulfides, respectively. Refolding experiments clea 
revealed that the redox potential of selenocysteine prevails over the sequence encoded 
structural information for proper folding of apamin. Thus, selenocysteine can be used as 
new device to generate productive and nonproductive folding intermediates of peptides a 
proteins. In fact, disulfides are selectively reduced in presence of the diselenide and the 
conformational features derived from these intermediates as well as from the three- 
dimensional (3D) structures of the selenocysteine-containing analogs with their nonnatu 
networks of diselenide/disulfide bridges allowed to gain further insight into the subtle 
driving forces for the correct folding of apamin that mainly derive from local 
conformational preferences. 



PMID: 10452604 [PubMed - indexed for MEDLINE] 
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Unfolding/folding studies on cobrotoxin from Taiwan cobra venom: pH an 
GSH/GSSG govern disulfide isomerization at the C-terminus. 

Chang LS, Lin SR, Chang CC. 

Department of Biochemistry, Kaohsiung Medical College, Taiwan, Republic of China. 
lschang@maiLnsysu.edu.tw 

Refolding of cobrotoxin was assessed by the exposure degree of its single Trp determine 
by an acrylamide quenching study. The change in the accessibility of Trp for acrylamide 
quantitatively reflected the formation of folded cobrotoxin, and the data were confirmed 
HPLC and gel electrophoresis analyses. However, the site-specific information provided 
quenching Trp fluorescence revealed that the ordered structure in the neighborhood of T 
was attained prior to the complete formation of the tertiary structure of cobrotoxin. HPL 
analyses showed that, in addition to refolded cobrotoxin, two novel species (cobrotoxin I 
and cobrotoxin III) with isomerization of disulfide bonds at the C-terminus of the toxin 
molecule were produced along the folding reaction. The disulfide pairings in cobrotoxin 
and cobrotoxin III were Cys43-Cys55 and Cys54-Cys60 and Cys43-Cys60 and Cys54- 
Cys55, respectively. Among the three possible two-disulfide species at the C-terminus, t 
disulfide linkages Cys43-Cys60 and Cys54-Cys55 of cobrotoxin III caused a marked 
decrease in lethality and resulted in a conformation which was notably different from tha 
observed with the native toxin molecule as evidenced by CD spectra. The refolding 
reaction was accelerated by the addition of GSH/GSSG, and the resulting products were 
mostly folded cobrotoxin. However, if GSH/GSSG was not added into the initial folding 
materials, the yields of cobrotoxin II and cobrotoxin III greatly increased. The conversio 
of cobrotoxin to its isomers was to be irreversible and pH-dependent: the higher the pH, 
faster the rate of conversion. However, this conversion could be partly inhibited by 
GSH/GSSG. Cobrotoxin II and cobrotoxin III were purified from Taiwan cobra venom a 
well, and their yields in comparison to that of cobrotoxin in venom were similar to that 
noted with the folded products in the presence of GSH/GSSG. Moreover, the rate of 
disulfide isomerization was expected to be slow in venom fluid in which the pH was 
approximately pH 6.2. Thus, the finding that cobrotoxin represents the predominant 
neurotoxin species in Taiwan cobra venom is probably associated with the synergistic 
effects of GSH/GSSG and pH. 



PMID: 9633591 [PubMed - indexed for MEDLINE] 
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Refolding by disulfide isomerization: the mixed disulfide between ribonuclease Tl and 
glutathione as a model refolding substrate. 

Biochemistry. 1995 Jul 25;34(29):9380-8. 

PMID: 7626608 [PubMed - indexed for MEDLINE] 



□ 42: Kim JL Takahashi M> Ogura A. Kohno T. Kudo Y. Sato K. 



Related Articles, Li 



Hydroxy 1 group of Tyrl3 is essential for the activity of omega-conotoxin GVIA, a 
peptide toxin for N-type calcium channel. 

J Biol Chem. 1994 Sep 30;269(39):23876-8. 
PMID: 7929033 [PubMed - indexed for MEDLINE] 



□ 43: Hill JM. Alewood PF. Craik DJ. 



Related Articles, Li 



Conotoxin TVIIA, a novel peptide from the venom of Conus tulipa 2. Three-dimension 
solution structure. 

Eur J Biochem. 2000 Aug;267(15):4649-57, 

PMID: 10903497 [PubMed - indexed for MEDLINE] 

□ 44: Freeh C. Schmid FX. Related Articles, Li 

Influence of protein conformation on disulfide bond formation in the oxidative folding 
ribonuclease Tl. 

J Mol Biol. 1995 Aug 4;25 1(1): 135-49. 
PMID: 7643382 [PubMed - indexed for MEDLINE] 



□ 45: 



Sasaki T. Feng ZP. Scott R. Grigoriev N, Sved NL Fainzilber M. Sato K. Related Articles. Li 

Synthesis, bioactivity, and cloning of the L-type calcium channel blocker omega- 
conotoxin TxVII. 

Biochemistry. 1999 Sep 28;38(39): 12876-84. 
PMID: 10504258 [PubMed - indexed for MEDLINE] 



□ 46: 



Gandia L. Lara B. Imperial JS. Villarroya M. Albillos A. Maroto R. Garcia AG. 
Olivera BM. 



Related Articles, Li 



□ 47: 



Analogies and differences between omega-conotoxins MVIIC and MVIID: binding sit 

and functions in bovine chromaffin cells. 

PflugersArch. 1997 Dec;435(l):55-64. 

PMID: 9359903 [PubMed - indexed for MEDLINE] 

Kim JL Takahashi M. Ohtake A, Wakamiva A. Sato K. Related Articles, Li 

Tyrl3 is essential for the activity of omega-conotoxin MVIIA and GVIA, specific N- 
type calcium channel blockers. 

Biochem Biophys Res Commun. 1995 Jan 17;206(2):449-54. 
PMID: 7826361 [PubMed - indexed for MEDLINE] 
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□ 48: Dadlez M. Kim PS. 



Related Articles, Li 



Rapid formation of the native 14-38 disulfide bond in the early stages of BPTI folding. 

Biochemistry. 1996 Dec 17;35(50):16153-64. 
PMID: 8973 187 [PubMed - indexed for MEDLINE] 

IJ 49: Corzo G. Adachi-Akahane S. Nagao T. Kusui Y. Nakajima T. Related Articles, Li 

Novel peptides from assassin bugs (Hemiptera: Reduviidae): isolation, chemical and 
biological characterization. 

FEBS Lett. 2001 Jun 22;499(3):256-61. 
PMID: 1 1423127 [PubMed - indexed for MEDLINE] 



DSO: Chung D, Gaur S. Bell JR. Ramachandran L Nadasdi L. 

Determination of disulfide bridge pattern in omega-conopeptides. 

tat J Pept Protein Res. 1995 Sep-Oct;46(3-4):320-5. 
PMID: 8537186 [PubMed - indexed for MEDLINE] 

□ 51: Maskos K. Huber-Wunderlich M> Glockshuber R. 



Related Articles, Li 



Related Articles, Li 



DsbA and DsbC-catalyzed oxidative folding of proteins with complex disulfide bridge 
pattems in vitro and in vivo. 

J Mol Biol. 2003 Jan 17;325(3):495-513. 

PMID: 12498799 [PubMed - indexed for MEDLINE] 



□ 52: Guddat LW, Martin JA. Shan L> Edmundson AB. Gray WR. 



Related Articles. Li 



Three-dimensional structure of the alpha-conotoxin GI at 1 .2 A resolution. 

Biochemistry. 1996 Sep 3;35(35): 11329-35. 
PMID: 8784187 [PubMed - indexed for MEDLINE] 



□ 53: Gray WR. 



Related Articles, Li 



Disulfide structures of highly bridged peptides: a new strategy for analysis. 

Protein Sci. 1993 Oct;2(10): 1732-48. 
PMID: 8251945 [PubMed - indexed for MEDLINE] 

□ 54: Mitchell SS, Shon KJ. Foster MP. Davis DR. Olivera BM. Ireland CM. Related Articles, Li 

Three-dimensional solution structure of conotoxin psi-PIIIE, an acetylcholine gated ion 
charmel antagonist. 
Biochemistry. 1998 Feb 3;37(5):1215-20. 
PMID: 9477946 [PubMed - indexed for MEDLINE] 

□ 55: Yamashita H, Hirose M. Related Articles. LI 

Oxidative regeneration and selective reduction of native disulfide bonds in the N- 
terminal half-molecule of ovotransferrin. 

J Biol Chem. 1 993 Sep 5 ;268(25): 1 9062-9. 
PMID: 8395527 [PubMed - indexed for MEDLINE] 



□ 56: 



Sato K, Raymond C. Martin-Moutot N. Sasaki T. Qmori A. Qhtake A. Kim JL Related Articles, Li 
Kohno T. Takahashi M> Seagar M. 

Binding of chimeric analogs of omega-conotoxin MVIIA and MVIIC to the N- and P/Q 
type calcium channels. 

FEBS Lett. 1997 Sep 8;414(2):480-4. 

PMID: 9315745 [PubMed - indexed for MEDLINE] 



□ 57: Doughty SW. Blanev FE. Qrlek BS. Richards WG. 



Related Articles, Li 



A molecular mechanism for toxin block in N-type calcium chaxmels. 

Protein Eng. 1998 Feb;l l(2):95-9. 
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PMID: 9605543 [PubMed - indexed for MEDLINE] 
O 58: Pegoraro S, Fiori S. Cramer J, Rudolph-Bohner S. Moroder L. Related Articles, Li 

The disulfide-coupled folding pathway of apamin as derived from diselenide-quenched 



analogs and intermediates. 

Protein Sci. 1999 Aug;8(8): 1605-13. 

PMID: 10452604 [PubMed - indexed for MEDLINE] 

□ 59: Chang LS. Lin SR. Chang CC. Related Articles. Li 

Unfolding/folding studies on cobrotoxin from Taiwan cobra venom: pH and GSH/GSS 
govern disulfide isomerization at the C-terminus. 

Arch Biochem Biophys. 1998 Jun l;354(l):l-8. 
PMID: 9633591 [PubMed - indexed for MEDLINE] 

FJ 60: Skalicky JJ. Metzler WJ. Ciesla DJ. Galdes A. Pardi A. Related Articles. Li 



Solution structure of the calcium chaimel antagonist omega-conotoxin GVIA. 

Protein Sci. 1993 Oct;2(10):1591-603. 

PMID: 8251934 [PubMed - indexed for MEDLINE] 
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Detergent-assisted oxidative folding of delta-conotoxins. 

DeLa Cruz R, Wliitby FG, Buczeli O, Bulaj G. 

Department of Biology, University of Utah, Salt Lake City, Utah 841 12, USA. 

Conotoxins comprise a diverse group of disulfide-rich peptides found in venoms of 
predatory Conus species. The native conformation of these peptides is marginally stable 
comparison with alternative conformations, often resulting in low folding yields. The 
oxidative folding of hydrophobic delta-conotoxins was found to produce less than 1% of 
the native peptide [Bulaj, G. et ah (2001) Biochemistry 40, 13201]. In order to identify 
factors that might improve folding yields, we screened a number of additives including 
water-soluble polymers, detergents and osmolytes for their ability to increase steady-stat 
accumulation of the native delta-conotoxin PVIA. The presence of a non-ionic detergent 
Tween and low temperature appeared to be the most effective factors in improving the 
oxidative folding. The detergent was also effective in promoting folding of other 
hydrophobic delta-conotoxins. Based on our findings, we discuss a possible mechanism 
detergent-assisted folding and the general applicability of this mechanism to facilitating 
proper folding of hydrophobic, cysteine-rich peptides. 

PMID: 12605605 [PubMed - indexed for MEDLINE] 
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□ 1: Biopolymers. 1996 Jun;38(6):733-44. 



Related Articles, L 



Oxidative folding of omega-conotoxin MVIIC: effects of temperature and 
salt 

Kubo S, Cliino N, Kimura T, Sakakibara S. 

Peptide Institute, Inc., Protein Research Foundation, Osaka, Japan. 

Oxidative folding of omega-conotoxin MVIIC, a highly basic 26-amino acid peptide wit 
three disulfide bonds, predominantly gave two products with mismatched disulfide bond 
in O.IM NH40Ac buffer (pH 7.7) at 21 degrees C both in the presence and absence of 
redox reagents such as reduced and oxidized glutathione. A low reaction temperature (5 
degrees C) and a high salt concentration in buffer such as 2M (NH4)2S04 were necessar 
to obtain the correctly folded biologically active product. The folding reaction was found 
proceed via a two-stage pathway of (I) the formation and (II) the rearrangement of the 
mismatched disulfide bonds. Both the reaction temperature and the salt strongly affected 
the equilibrium between mismatched and correctly formed disulfide bonds in the second 
stage. Such an effect of salts on the rearrangement reaction could be explained by anion 
binding at a low concentration and the salting out effect at a high concentration by 
analyzing the rank order of their effectiveness. The anion-binding effect was also 
confirmed by examining the folding of the tetra-acetylated peptide at the Lys side chains 
CD study suggested that the yield of the biologically active product was correlated with 
conformational change as functions of temperature and salt concentration. 

PMID: 8652794 [PubMed - indexed for MEDLINE] 
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